Abstract: Economic evaluation of policies regarding out-of-hospital cardiac arrest (OHCA) is important. The value of a statistical life (VSL) for OHCA victims is the most important component in a cost-benefit analysis of interventions that have the possibility to reduce mortality from this cause. This value is not known. We use responses to a national Swedish mail survey, based on the stated-preference technique to directly elicit individuals' hypothetical willingness to pay for a reduced risk of dying from OHCA. A lower-bound estimate of VSL for OHCA would be in range of SEK 30 to 50 million. The value is found to be higher than for comparable VSL estimates from the transport sector, even though individuals who suffer OHCAs are generally older and less healthy than people who die in road traffic accidents. The results indicate that it is not an overestimation to use the 'baseline' VSL value from the transport sector (SEK 24 million) in cost-benefit analysis of OHCA policy decisions and that the cause of death is important when examining willingness to pay for death risk reductions. We do not support a general declining VSL due to the age of the victims, i.e. a 'senior death discount', for this cause of death.
Introduction
Establishing a monetary value of a human statistical life (VSL) is a sensitive issue in several aspects. Religious, moral and ethical beliefs are challenged and the allocations of scarce economic resources are not always consistent with these beliefs. The human capital approach equates the value of a human life to the discounted market value of the output produced by an individual over an expected lifetime, but the value does not account for output outside the workplace. The old, the poor, the disabled, the sick or those with any other personal attribute that may decrease their 'productivity' would have reduced VSL values. This could lead to that we would ignore expenses that reduce the risk of dying for individuals whose value do not cover their cost of living. Instead, VSL can be determined by the willingness to pay approach, but does this approach also produce different VSL values based on the attributes of the victims?
Heterogeneous value of life is an extremely sensitive issue and in the US there have been legislation proposals against reduction of VSL values based on individual heterogeneity (Viscusi, 2010) . Empirically it has been shown that heterogeneity of VSL regarding various ages is substantial, and international practices have often been to decrease VSL with age, i.e. a 'senior death discount' (Viscusi, 2010; Aldy and Viscusi, 2007; Krupnick, 2007) . 1 On the other hand, this policy has also been argued not to be supported by theoretical or empirical findings (Krupnick, 2007; Evans and Smith, 2006) . Generally, it is unclear how the age-dimension should be treated in cost-benefit analysis (Hultkrantz and Svensson, 2012) .
Estimates of VSL in Sweden vary from 10 to 100 million Swedish kronor (SEK) and are typically based on valuations from the transport sector (Hultkrantz and Svensson, 2012; Svensson, 2009; Persson et al., 2001; Hultkrantz et al., 2006) . The Swedish Transport Administration recommends a VSL of SEK 24 million and VSL values for road traffic casualties are roughly the same in similar European countries (Trafikverket, 2012; HEATCO, 2006) . Other causes of death than vehicular accidents are scarcely examined in the literature and it is possible that a lower VSL for the elderly applies to only certain causes of death (Krupnick, 2007) .
The aim of this study is to estimate VSL for out-of-hospital cardiac arrest (OHCA) based on the stated-preference technique contingent valuation (CV). Our hypothesis was that the VSL for OHCA would be lower than SEK 24 million, since individuals who suffer OHCAs are generally older and less healthy than people who die in road traffic accidents. An avoided traffic-accident fatality on average saves 35-40 years of remaining life time, while an avoided OHCA fatality saves only 6 years (Hultkrantz and Svensson, 2012; Sund et al., 2012) .
Our results show that a conservative VSL for OHCA would be in the range of SEK 30 to 50 million, which is higher than the official VSL for road traffic safety in Sweden. The results indicate that there is no reason to suspect that the official VSL value constitutes an overestimation when used in connection with OHCA interventions. Also, our results do not support the practice of decreasing VSL with age ('senior death discount') for victims of cardiac arrest.
Methods

2.1
The value of a statistical life The value of a statistical life (VSL) is a measure of the trade-off between income and mortality risk reductions. In essence, this means that VSL is the value that society deems economically efficient to spend on avoiding one (unidentified) premature death, i.e. if the mean VSL is higher than the cost per head, then the project should proceed since the losers can be compensated by the gainers (Hicks-Kaldor criteria). Especially in environmental, health and transport safety economics, VSL is often a key input in policy evaluations when performing cost-benefit analysis (CBA). In a standard theoretical model of one individual's baseline mortality risk (p) [0 ≤ p ≤ 1], where ua(y) and ud(y) are the individual's utility as a function of income (y) conditional on staying alive (a) and dying (d), the expected utility is equal to (Jones-Lee, 1974; Alberini, 2005) :
The model is simplified to only consider a marginal change in the probability of one individual's own death and also within a specified time period. Assuming that utility of income is zero when the individual is dead (ud=0) simplifies the expression to (1-p)ua(y). Then the trade-off between income and risk is (Carson and Groves, 2007; Arrow et al., 1993) :
In other words, the VSL is the marginal rate of substitution (MRS) between income and survival probability, that is, (the negative of) the slope of the indifference curve at a specific point (y, p). WTP represents the maximal amount that an individual is willing to pay for a specified risk reduction (∆p). Then, VSL is estimated as:
Through our survey we measure WTP for a hypothetical risk reduction of dying from OHCA and arrive at a VSL measure that is specific for this diagnosis and the scenario in the survey.
2.2
Contingent valuation survey and data Contingent valuation (CV) is a survey-based stated preference technique that is used to directly elicit individuals' hypothetical willingness to pay (WTP) for certain non-market goods or services (Bateman et al., 2002) . The method has been applied to health care since the 70s and although exposed to criticism, it has the potential to deliver measures of costs and consequences in monetary terms (Klose, 1999; Kling et al., 2012) .
The target population for our CV survey consisted of the inhabitants of Sweden and we randomly sampled 1000 individuals aged 17-75.
2 400 more individuals were sampled for a test of scope bias, but the detailed result of this analysis is reported elsewhere (Sund, 2009 ). The survey mode was a mail survey that was sent out in June 2007 followed by a reminder mailed out three months later in September. Our overall response rate was 43 percent. Table A2 in the Appendix summarises the sample statistics.
A logit regression on WTP, including the observed demographic variables, was performed to check if there was a significant relation (Table 1) . The results show a significant negative parameter estimate for the bid level, but none of the other variables turned out to have a significant relation to WTP. We also included dummy variables for 'senior age' (>40 years, >45 years,…) and found that the parameter estimate were significant for ages >45 (P=0.086), >50 (P=0.087), >55 (P=0.018) and >60 (P=0.002) years, but not for >65 and >70 years. The conclusion from this "inverted-U" shape is that it follows the pattern of other studies from different contexts and that we capture other factors than a pure age effect (e.g. a correlation with income). If the increasing risk of suffering from an OHCA due to age would reflect WTP, we would expect the effect to last for the respondents older than 65 years. Log-likelihood -190.05 Number of respondents 334 Notes: Significant for α = 0.01*, based on robust standard errors, p-values in parentheses. Totally blank questionnaires, WTP>0.05×Income and inconsistent respondents are not included. 4 The number of respondents in these three groups is 45+12+54=111.
We performed a pilot study with a sample of 100 individuals in May 2007 to pretest the questionnaire and to establish an interval for the majority of the WTP values. An open-ended (OE) elicitation format was used in the pilot survey, while we used a discretecontinuous CV format in the main study where both dichotomous choice (DC) and OE questions were asked to the same sample of respondents. 5 Also, a follow-up certainty scale of 1 (very uncertain) to 10 (very certain) was used after both WTP questions.
When calculating VSL, the DC data is deemed more valid since valuing new public goods with coercive payment implies incentive compatibility and also since a binary question better resembles a real market situation. Incentive compatibility implies that 'a truthful response to the actual question asked constitutes an optimal strategy for the agent' (Carson and Groves, 2007) . Since DC data has more desirable theoretical properties and it is the standard approach in estimating VSL, we will use it in the following analysis.
The valuation scenario was a public programme to increase the survival rate after OHCA by increasing the density of defibrillators in the municipality. Defibrillation was explained to be initiated by firemen, policemen, security guards or nurses, and public access defibrillators may be located in hotels, shopping malls, sports centres and theatres. The willingness to pay for an increased survival rate was elicited as an annual individual fee for 10 years, and the key phrase was, 'The programme will reduce your own and others' risk [of dying from cardiac arrest] and the survival rate will be increased from 5 to 10 percent on average'. Baseline survival rates are based on Swedish data and increase in the ranges we propose are feasible to achieve, since survival varies markedly among countries and even within countries (Hollenberg et al., 2005) . A provision condition requiring that at least 50 percent of the inhabitants of the municipality must be in favour of the programme for it to be implemented (i.e. a referendum format) was included, according to recommendations by the National Oceanic and Atmospheric Administration (NOAA) panel (Arrow et al., 1993) .
Results
First, we examined the proportions of yes-responses by bid amount (Figure 1 ) and found that they decline from 85 percent at the SEK 200 bid level to 16 percent at the SEK 5000 bid level (€1=SEK 10.53, $1=SEK 7.07; 10 Nov. 2009 ). The bid levels were chosen to capture the interval of WTP responses from the pilot study, and the sample size of each bid level was 200 questionnaires. Our survival function (Figure 1 ) was monotonically decreasing, which is a positive validity indicator.
In order to estimate VSL from DC data, we have to make assumptions about the distribution of the underlying WTP to calculate mean and median WTP. Following Bateman et al. (2002) we start by estimating a non-parametric model to derive lower bound estimates of mean and median WTP. The conservative Kaplan-Meier-Turnbull (KMT) estimator is calculated. As lower and upper intervals we use SEK 0 and SEK 5000. Table 2 shows that the mean VSL for the conservative KMT model is SEK 49 million and the median VSL SEK 30 million. The marginal risk reduction (Δp) in our CV survey was 3.35/100 000. Proportions of yes-responses by bid amount Further, we have estimated a variety of constant-only bid function parametric models (logit, probit, logit positive, lognormal and mixed spike/lognormal). A constant-only bid function model includes the parameter estimate for the constant alone, i.e. for logit and probit distributions the WTP function for individual k is
The confidence intervals from all parametric estimations of mean and median WTP are numerically estimated by employing bootstrapping with 10 000 replications. The variation of VSL values is large, but none of the values are smaller than the non-parametric KMT estimates. The 'best' parametric model, i.e. the model with the highest value for the likelihood function (Bateman et al., 2002) , is the lognormal distribution. However, we notice that the differences are small and since the standard parametric approach in estimating VSL is logit, probit or probit positive, we use the most conservative result (logit).
Mean VSL is larger than median VSL for the non-parametric model. This indicates a positively skewed distribution. Median VSL can be said to be a more robust measure than mean VSL since it is not so greatly influenced by a few high VSL values or by the chosen distributional assumption. However, the choice of mean or median VSL is also a choice between an efficiency criteria and a majority voting rule as well as an ethical decision (Bateman et al., 2002; Johansson et al., 1989; Hanemann, 1989) . If the mean VSL is higher than the cost per head, then the project should proceed since the losers can be compensated by the gainers (Hicks-Kaldor criteria). On the other hand, if median VSL is higher than the cost per head, then we know that a majority of the respondents would vote in favour of the project.
Discussion
In this paper, we have attempted the first estimation, to our knowledge, of the value of a statistical life for out-of-hospital cardiac arrest. Our results show that a conservative value, based on a non-parametric model, would be in the range of SEK 30 to 50 million. This result is interesting in two respects: (1) we do not support a 'senior death discount' for this cause of death, and (2) we can give a recommendation about a policy VSL for OHCA.
What we would like to highlight in the first respect is that we find that the estimates are consistently higher than the official VSL for road traffic safety in Sweden, which is estimated to SEK 24 million (Trafikverket, 2012) . Our hypothesis was that the VSL for OHCA would be significantly lower, since statistical lives are both longer and 'healthier' for road traffic victims. We acknowledge that published WTP studies using Swedish data for road traffic accidents report equally high values or higher values, but studies with public good contexts all report lower VSL values than we find by using parametric modelling of VSL for OHCA (Hultkrantz and Svensson, 2012) .
A speculation about why this unexpected difference exists could be that the cause of death is important when examining WTP for death risk reductions, as was found by Norinder et al. (2001) . We might measure some kind of preference for 'individual freedom', compared to further road traffic safety measures that are perceived as limiting freedom of action (e.g. speed cameras, seat belts, helmets). An increased density of defibrillators does not affect individuals in this way. Also, we may capture solidarity with older and helpless individuals suffering from an OHCA, while road-users are perceived to have more controllable risks to manage. The qualitative characteristics of a risk have been shown to affect WTP, and WTP is usually reduced if the target group of the intervention is perceived as being blameworthy of the risk (Viscusi, 2010; Slovic, 1987) .
It is fair to say that the stated preference technique in general -in this case represented by the contingent valuation method -and our small-scale survey in particular suffer from a number of potential biases and limitations. Using surveys to ask about hypothetical payments may result in e.g. hypothetical bias, where individuals' WTP from the hypothetical scenario deviate from WTP in a real market situation, or in scope/scale bias, where individuals are insensitive to the amount of a good (scope) or the size of a good (scale). Several validity types need to be considered in the context of stated preference methods (Kling et al., 2012) .
In fact, the results of a scope test on our data do not support the prediction of expected utility theory, i.e. that WTP for a mortality risk reduction increases with the amount of risk reduction (weak scope sensitivity). The detailed analysis from our scope test is presented elsewhere (Sund, 2009 ), but the implication of the level of VSL would be a halved value (WTP is basically the same while the marginal risk reduction increased from 3.35 to 6.7 per 100.000). VSL for OHCA would still be significantly above the official VSL for road traffic accidents in Sweden, but it raises important concerns about the validity. Several VSL studies, especially in the case of valuing low-level changes in health risks, has been shown to suffer from scope insensitivity (Hammitt and Graham , 1999) .
Hypothetical bias is found to be a serious problem and several meta-analyses confirm that CV often overstates real economic values by as much as 135 to 300 percent (List & Gallet, 2001; Little & Berrens, 2004; Harrison & Rutström, 2005; Murphy et al., 2005) . It is increasingly found that incorporating respondent uncertainty can potentially improve the predictive power of CV data (e.g. Blomquist et al., 2009; Blumenschein et al., 2008) . One example of an empirical treatment is to use a follow-up certainty scale of 1 (very uncertain) to 10 (very certain) and recoding all yes-responses to no-responses if the respondents were not completely certain (i.e. <10). The no-responses remain unchanged. This empirical 'certainty approach' is quite common, but in our survey the VSL for OHCA would be a negative value if we apply this treatment.
6
The estimate is also sensitive to assumptions of the distribution and this is not an unusual feature of stated preference surveys (Alberini, 2005) . Clearly, different methods give different results, but we have consistently applied a conservative approach. The survey method and scenario presentation we used in asking WTP questions is very similar to the technique used for eliciting traffic VSL. In the face of these uncertainties, we consider the method a possibility to achieve an indication of the value of non-market goods.
Implicit VSLs have shown considerable differences in societal investments for lifesaving interventions, which puts into question the rationality behind the implemented policies (Goebbels et al., 2008; Ramsberg and Sjöberg, 1997) . Economic evaluations regarding OHCA interventions have almost exclusively relied on performing costeffectiveness analyses (CEA) or cost-utility analyses (CUA) (Forrer et al., 2002; Nichol et al., 2003; Walker et al., 2003; van Alem et al., 2004; Naess and Steen, 2004; Groeneveld and Owens, 2005) . This is unfortunate since these analyses are less informative than a CBA and since a measure of VSL is essential in optimising policy in fields where weighing the saving of human lives against other effects and costs frequently occur. Presenting a CBA as a complement to CEA or CUA may improve the comparability of societal policies as well as rationality.
We do not intend to draw too far-reaching conclusions from only one small sample survey. As we have seen from the validity tests: failed scope test and no significant effect of factors which would be expected to have an effect (e.g. income level and higher perceived risk), there clearly is uncertainty as to whether our findings represent the true valuation of the respondents. Although data suggests that a lower bound of VSL for OHCA would be in the range of SEK 30 to 50 million, it might in fact be significantly higher or lower.
We recommend that a conservative approach be taken when applying our estimates for cost-benefit purposes and that it be used as a complement to CEA and/or CUA analyses. At the same time, the results indicate that there is no reason to suspect that the baseline VSL value used in the transport sector (SEK 24 million) constitutes an overestimation when used in connection with OHCA policy interventions. We therefore recommend a VSL of SEK 24 million for public programmes that affect survival rates for OHCA victims. 6 How can we interpret a negative VSL value? The reason why it occurs is because the logit model allows for negative bid sums when analyzing data from dichotomous choice alternatives. If we apply the described 'certainty approach' on our data (added to a number of zero-responses), we end up with the largest share of the WTP distribution below zero, i.e. the mean WTP is negative. Negative WTP is not uncommon in CV studies (see e.g. Bohara et al., 2001 ) and can be handled by different models or restrictions. However, the parametric approaches we compare our estimated data with apply the logistic distribution and in this case it leads to an underestimation of WTP (and a negative VSL value).
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